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(54) MANUFACTURING METHOD FOR SEMICONDUCTOR WAFER AND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently produce a high 
quality semiconductor crystal having little transition and no 
cracks or polycrystalline lump (high temperature reaction part) 
by using a comparatively inexpensive silicon as a base wafer. 
SOLUTION: A reaction-proofing layer (crystalline material B) 
prevents the reaction of Si with a semiconductor 
(semiconductor crystal A) of gallium nitride such as GaN. By 
filming the reaction-proofing layer composed of SiC or AIN f for 
example, having a fusing point or thermal resistance higher than 
that of the semiconductor crystal A on the base wafer (Si 
wafer), even if the crystal A is grown at a high temperature for 
a long time, the high temperature reaction part is not formed 
near a silicon interface. Further, stress to be impressed the 
reaction-proofing layer is relaxed by a void or a membrane part. 
Therefore, since the reaction-proofing layer through the 
longitudinal direction can be formed without cracks, and the 
base wafer and the semiconductor crystal A can be shielded 
more surely so that the generation of the high temperature 
reaction part can be prevented more surely. Moreover, the 

transition density of the semiconductor crystal can be suppressed low by such a stress relaxing 
operation. 
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* NOTICES * • 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] On the ground substrate which is characterized by providing the following and which was 
formed from silicon (Si) How to obtain a semiconductor substrate by growing up the semiconducting 
crystal A which consists of an III group nitride system compound semiconductor. The thin film section 
formation process which constitutes the aforementioned crystal-growth side of the aforementioned 
ground substrate from the thin film section which consists of silicon (Si) by preparing a cavity directly 
under the crystal-growth side of the aforementioned ground substrate. The reaction prevention 
stratification process which carries out the laminating of the reaction prevention layer which consists o 
the aforementioned semiconducting crystal A on the aforementioned thin film section from the 
crystalloid material B with high melting point or thermal resistance. The crystal-growth process which 
grows up the aforementioned semiconducting crystal A on the aforementioned reaction prevention layer 

[Claim 2] As for the aforementioned semiconducting crystal A, an empirical formula fills "Alx Gay In (1 — 
x-y) N (0<=x<1, 0< y<=1, x+y<=1)". The manufacture method of the semiconductor substrate according 
to claim 1 characterized by consisting of an III group nitride system compound semiconductor. 
[Claim 3] The aforementioned crystalloid material B which forms the aforementioned reaction 
prevention layer is the manufacture method of the semiconductor substrate according to claim 1 or 2 
characterized by consisting of carbonization silicon (SiC), alumimium nitride (AIN), or a spinel (MgAI 
204). 

[Claim 4] The aforementioned crystalloid material B which forms the aforementioned reaction 
prevention layer is the manufacture method of the semiconductor substrate according to claim 1 or 2 
characterized by an aluminum composition ratio consisting of at least 0.30 or more AIGaN(s), AHnN, or 
AIGalnN. 

[Claim 5] The manufacture method of a semiconductor substrate given in any 1 term of the claim 1 
characterized by forming the thickness of the aforementioned reaction prevention layer in 0.1 
micrometers or more and 2 micrometers or less, or a claim 4. 

[Claim 6] The manufacture method of a semiconductor substrate given in any 1 term of the claim 1 
characterized by having the process which forms in the front face of the aforementioned reaction 
prevention layer buffer-layer C which consists of "Alx Ga1-x N (0< x<=0" after the aforementioned 
reaction prevention stratification process, or a claim 5. 

[Claim 7] The manufacture method of the semiconductor substrate according to claim 6 characterized 
by forming the thickness of the aforementioned buffer-layer C in 0.01 micrometers or more and 1 
micrometer or less. 

[Claim 8] The manufacture method of a semiconductor substrate given in any 1 term of the claim 1 
characterized by to have the partition stage which separates the aforementioned semiconducting 
crystal A and the aforementioned ground substrate by generating the stress based on the coefficient- 
of-thermal-expansion difference of the aforementioned semiconducting crystal A and the 
aforementioned ground substrate, and fracturing the side attachment wall of the aforementioned cavity 
using this stress by cooling or heating the aforementioned semiconducting crystal A and the 
aforementioned ground substrate, or a claim 7. 

[Claim 9] The manufacture method of a semiconductor substrate given in any 1 term of the claim 1 
characterized by carrying out 50-micrometer or more laminating of the aforementioned semiconducting 
crystal A in the aforementioned crystal-growth process, or a claim 8. 

[Claim 10] The aforementioned thin film section formation process is the manufacture method of 
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physical* or a semiconductor substrate given in any 1 term of the claim 1 which has the crevice 
formation process established by chemical-etching processing, and is characterized by to form the 
aforementioned cavity and the aforementioned thin film section by the migration operation near the 
front face of the aforementioned ground substrate based on 1000 degrees C - 1350 degrees C heat 
treatment, or a claim 9 about the aforementioned cavity which the upper part opened to the silicon 
crystal which constitutes the aforementioned ground substrate. 

[Claim 11] The manufacture method of a semiconductor substrate given in any 1 term of the claim 1 o» 
claim 9 characterized by providing the following. The aforementioned thin film section formation proces 
is an ion-implantation process which pours ion into the silicon crystal which offers the aforementioned 
thin film section. The crevice formation process of establishing the aforementioned cavity which the 
upper part opened by physical or chemical etching processing in the silicon crystal which constitutes 
portions other than the aforementioned thin film section of the aforementioned ground substrate. The 
junction process which joins the aforementioned thin film section to the aforementioned crevice with 
heat treatment. The ablation process which exfoliates the aforementioned thin film section by making 
the pouring section of the aforementioned ion into a separation interface. 

[Claim 12] The manufacture method of a semiconductor substrate given in any 1 term of the claim 1 
characterized by setting to 0.1 micrometers or more and 10 micrometers or less the height of the 
aforementioned cavity formed in the aforementioned thin film section formation process, or a claim 11. 
[Claim 13] It is characterized by having the aforementioned semiconductor substrate manufactured by 
any 1 term of a claim 1 or a claim 12 using the manufacture method of the semiconductor substrate a 
publication as a crystal-growth substrate. HI group nitride system compound semiconductor element. 
[Claim 14] It is characterized by what was manufactured by the crystal growth which used as the 
crystal-growth substrate the aforementioned semiconductor substrate manufactured by any 1 term of ; 
claim 1 or a claim 12 using the manufacture method of the semiconductor substrate a publication. Ill 
group nitride system compound semiconductor element. 



[Translation done.] 
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* NOTICES* • 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is on the ground substrate formed from 
silicon (Si). By growing up the crystal which consists of an III group nitride system compound 
semiconductor, it is related with the method of obtaining a semiconductor substrate. Moreover, this 
invention is manufactured considering such a semiconductor substrate as a crystal-growth substrate. It 
is related with III group nitride system compound semiconductor element. 
[0002] 

[Description of the Prior Art] The typical cross section of the conventional semiconducting crystal 
which carried out the crystal growth to drawing 4 on Si substrate (ground substrate) is illustrated. The 
MOCVD method was adopted as this crystal-growth process, in the semiconducting crystals (GaN 
crystal etc.) which are illustrated to this drawing 4 and which carried out elevated-temperature growth 
on Si substrate (ground substrate) by the Prior art, the "reaction section", transposition, a crack, etc. 
have arisen like 
[0003] 

[Problem(s) to be Solved by the Invention] Transposition and a crack cause degradation of a device 
property, when it is generated as a result of the operation of stress generated based on the coefficient- 
of-thermal-expansion difference and lattice constant difference between dissimilar materials and 
various kinds of semiconductor devices by such crystal-growth substrate are manufactured. Moreover, 
when the ground substrate which consists, for example of silicon (Si) etc. tends to be removed, it is 
going to leave only a growth phase and it is going to obtain the independent substrate (crystal), it is 
almost impossible to obtain the thing of a large area (more than 1cm2) by operation of the above- 
mentioned transposition, a crack, etc. 

[0004] Moreover, near 1000 degrees C - 1150 degree C which is the crystal-growth temperature of the 
target semiconductor substrate (semiconducting crystal A), silicon (Si) and a gallium nitride (GaN) may 
react and GaN ("reaction section" in drawing) of a polycrystal may be formed. For this reason, there is 
a problem without easy obtaining the GaN substrate of a single crystal through a hot crystal-growth 
process. 

[0005] Moreover, although the method which used as the crystal-growth substrate independently the 
thin film of the silicon which the above-mentioned stress cannot produce easily is also reported in order 
to obtain the GaN substrate of a single crystal, since it is easy to damage these thin films, it is not easy 
to handle a thin film directly before a crystal-growth start, therefore it is difficult [ it ] to mass-produce 
the semiconductor substrate of a large area with the sufficient yield by these conventional methods. 
[0006] Accomplishing this invention in order to solve the above-mentioned technical problem, the 
purpose is producing efficiently a quality semiconducting crystal without a crack or a polycrystal lump 
(reaction section), using comparatively cheap silicon (Si) as a ground substrate. Moreover, the further 
purpose of this invention is manufacturing a quality semiconductor device by using the above-mentioned 
semiconducting crystal manufactured with high quality as a crystal-growth substrate. 
[0007] 

[A The means for solving a technical problem, an operation, and an effect of the invention] The following 
meanses are effective in order to solve the above-mentioned technical problem. Namely, the 1st means 
of this invention is set to the manufacturing process of a semiconductor substrate into which the 
semiconducting crystal A which consists of an III group nitride system compound semiconductor on the 
ground substrate formed from silicon (Si) is grown up. The thin film section formation process which 
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constitdtes the crystal-growth side of a ground substrate from the thin film section which consists of 
silicon (Si) by preparing a cavity directly under the crystal-growth side of the above-mentioned groun< 
substrate, It is establishing the reaction prevention stratification process which carries out the 
laminating of the reaction prevention layer which consists of a semiconducting crystal A on the thin fill 
section from the crystalloid material B with high melting point or thermal resistance, and the crystal- 
growth process which grows up a semiconducting crystal A on a reaction prevention layer. 
[0008] However, even if the above-mentioned semiconductor substrate which consists of above- 
mentioned semiconducting crystals A is monolayer structure, it may b a double layer structure 
(multilayer structure), moreover, to general "III group nitride system compound semiconductor" said 
here The semiconductor of the arbitrary mixed-crystal ratios expressed with 2 yuan, 3 yuan, or 4 yuan 
the general formula which "Alx Gay In (1-x-y) N (0<=x<=l. 0<=y<=1, 0 <=x+y<=1) N" Chang s is 
contained. Furthermore, also let the semiconductor with which p type or the n type impurity was added 
be the criteria of the "III group nitride system compound semiconductor" of this specification. 
Moreover, the above Let the semiconductor which replaced the part of the III group elements 
(aluminum, Ga, In) with boron (B), the thallium (Tl), etc., or replaced some nitrogen (N) by Lynn (P), 
arsenic (As), antimony (Sb), the bismuth (Bi), etc. be the criteria of the "ill group nitride syst m 
compound semiconductor" of this specification. 

[0009] moreover — as the impurity of the above-mentioned p type — magnesium (Mg) — or calcium 
(calcium) etc. can be added Moreover, as an impurity of the above-mentioned n type, silicon (Si), sulfur 
(S), a selenium (Se), a tellurium (Te) or germanium (germanium), etc. can be added, for example. 
Moreover, these impurities may add two or more elements simultaneously, and may add both molds (p 
type and n type) simultaneously. 

[0010] Drawing 1 is a typical cross section in the manufacturing process of the semiconducting crystal 
which explains the fundamental concept of this invention in instantiation. This reaction prevention layer 
is for preventing the reaction of Si and the semiconductor (semiconducting crystal A) of a gallium- 
nitride system. Thus, by forming the reaction prevention layer (crystalloid material B) with th melting 
point or thermal resistance higher than the semiconductor of a gallium-nitride system which consists, 
for example of SiC, AIN, etc. on a ground substrate (Si substrate) When carrying out the crystal growth 
of the semiconductor (semiconducting crystal A) of a gallium-nitride system at an elevated t mperature 
for a long time, it is lost that the aforementioned "reaction section" is formed near a silicon interface. 
[0011] Moreover, since a thin film is formed in the crystal-growth side side of silicon (Si substrate) by 
forming a cavity, it is hard coming to work like and, therefore, the crack which forms a crack in a 
reaction prevention layer and which was penetrated to lengthwise stops easily easing the stress which 
acts on a reaction prevention layer, and being able to generate such stress in a reaction prevention 
layer. For this reason, in a reaction prevention layer without the crack penetrated to lengthwise, since a 
ground substrate (Si substrate) and the semiconductor (semiconducting crystal A) of a gallium-nitride 
system can be intercepted more certainly, generating of the above "reaction sections" can be 
prevented more certainly. 

[0012] Moreover, since "the stress based on the lattice constant difference between a ground substrate 
and a semiconductor substrate" is eased by the above-mentioned thin film section or an above- 
mentioned cavity, in case a semiconductor substrate (the desired semiconducting crystal A) is grown 
up, the unnecessary stress committed to the semiconductor substrate under growth is suppressed, and 
the generating density of transposition or a crack is reduced, namely, the above stress relaxation 
operation — the semiconductor (semiconducting crystal A) of a gallium-nitride system — transposition 
— generating — being hard — moreover, the generating density of a crack is also boiled markedly and 
can be cut down 

[0013] It becomes possible [ obtaining the quality semiconductor substrate (semiconducting crystal A) 
without "the above-mentioned reaction section" and an above-mentioned crack by which dislocation 
density was suppressed enough according to the above operation and the synergistic effect ], or easy. 
[0014] Moreover, in the 1st means of the above [ the 2nd means ], an empirical formula fills "Alx Gay In 
(1-x-y) N (0<=x<1, 0< y<=1, x+y<=1)" for the above-mentioned semiconducting crystal A. It is 
constituting from an III group nitride system compound semiconductor. 

[0015] Moreover, the 3rd means is constituting the crystalloid material B which forms the above- 
mentioned reaction prevention layer from carbonization silicon (SiC), alumimium nitride (AIN), or a spinel 
(MgAI 204) in the above 1st or the 2nd means. 

[0016] Moreover, the 4th means is that an aluminum composition ratio constitutes the crystalloid 
material B which forms the above-mentioned reaction prevention layer from at least 0.30 or more 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_ejje 



2003/04/10 



3/9 ^— 

AIGaN(s). AllnM, or AIGalnN in the above 1 st or the 2nd means. Furthermore, it is desirable to choose ; 
comparatively firm heat-resistant (melting point) stable high material of bonding strength as a crystallo 
material B. 

[0017] Moreover, the 5th means is forming the thickness of the above-mentioned reaction prevention 
layer in 0.1 micrometers or more and 2 micrometers or less in any the above 1st or 4th one means. If 
this thickness is too thin, since nonuniformity will follow on thickness, or since the above-mentioned 
crystalloid material B which forms a reaction prevention layer is not the matter stable enough, it 
becomes impossible to intercept completely a gallium (Ga) or a gallium nitride (GaN). and silicon (Si). 
Therefore, the effect of preventing formation of "the reaction section (GaN of a polycrystal) based on 
these reactions is no longer acquired fully. 

[0018] When the thickness of a reaction prevention layer is too thick, a crack becomes easy to go into 
reaction prevention layer, and it becomes impossible moreover, to intercept completely a gallium (Ga) o 
a gallium nitride (GaN), and silicon (Si). Therefore, the effect of preventing formation of the "reaction 
section" based on these reactions is no longer acquired fully. Moreover, if the thickness of a reaction 
prevention layer is too thick, since only the part is too many needed, it is not desirable in respect of a 
production cost etc. [ of the laminating time or the charge of plywood of a reaction prevention layer ] 
[0019] Moreover, the 6th means is establishing the process which forms buffer-layer C which consists 
of "Alx Gal-x N (0< x<=1)" on the front face of a reaction prevention layer after the reaction 
prevention layer formation process of any the above 1 st or 5th one means. 

[0020] However, the above-mentioned buffer-layer C is semiconductor layers which grow near about 
1 100 degree C. such as AIN and AIGaN. Buffer-layer C of another further the above [ C / buffer-layer 
this ]. and the interlayer of **** composition (example : AIN and AIGaN) (it may only be hereafter callec 
a "buffer layer") other layers periodic in the target semiconductor substrate (semiconducting crystal A) 
or, and alternation — or you may carry out a laminating so that multilayer structure may be constituted 
[0021] The same operation principle as the former of being able to ease the stress committed to the 
semiconductor substrate (growth phase) resulting from a lattice constant difference by the laminating o 
these buffer layers (or interlayer) enables it to raise crystallinity. Moreover, in the case of carbonization 
silicon (SiC) etc., such an operation and an effect have the especially remarkable crystalloid material B 
which constitutes a reaction prevention layer. That is. it is more desirable to form buffer-layer C on a 
reaction prevention layer in this case. 

[0022] Moreover, the 7th means is forming the thickness of buffer-layer C in 0.01 micrometers or more 
and 1 micrometer or less in the 6th above-mentioned means. 0.02 micrometers or more and 0.5 
micrometers or less are good more desirably. 

[0023] It leads [ become easy to generate a crack and / to a cost rise ] in respect of production time, 
material, etc. and is not desirable if this thickness is too thick. Moreover, if this thickness is mad thin 
too much, it will become difficult to form a buffer layer to abbreviation homogeneity, for this reason, the 
membrane formation nonuniformity (part which is not fully formed) of a buffer layer — being generated - 
- being easy — since it becomes easy to produce nonuniformity also in crystallinity, it is not desirable 
[0024] Moreover, the 8th means is preparing the partition stage which separates a semiconducting 
crystal A and a ground substrate by setting for any the above 1st or 7th one means, generating the 
stress based on the coefficient-of-thermal-expansion difference of a semiconducting crystal A and a 
ground substrate by cooling or heating a semiconducting crystal A and a ground substrate, and 
fracturing the side attachment wall of a cavity using this stress. 

[0025] For example, if a semiconductor substrate (semiconducting crystal A) is made thick enough, it 
will become easy to act on the side attachment wall of the cavity of the above [ internal stress or 
external stress ] intensively. When the result, especially such stress act as shearing stress to the side 
attachment wall of a cavity etc. and this stress becomes large, the thin film section exfoliates. 
Therefore, if this stress is used, it will become possible to separate a ground substrate and a 
semiconductor substrate easily. Moreover, it becomes easy to concentrate stress (shearing stress) on 
the side attachment wall of a cavity, so that the above-mentioned "cavity" is formed greatly. That is, 
according to the 9th above-mentioned means, since the above-mentioned stress is easily generable. a 
semiconducting crystal A and a ground substrate are easily separable. 

[0026] In addition, in case a ground substrate and a semiconductor substrate are separated (exfoliation;, 
a part of ground substrate (thin film section, fracture wreckage of the side attachment wall of a cavity, 
etc.) may remain in a semiconductor substrate side. Namely, the above-mentioned partition stage is not 
premised on perfect separation of each material which makes a part of such material there be nothing 
(requirement). Removal of such fracture wreckage etc. can be carried out using the means of common 
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knowledge, such as wrapping and etching, if needed. 

[0027] Moreover, the 9th means is carrying out 50-micrometer or more laminating of the 
semiconducting crystal A in the above 1st or the crystal-growth process of any 8th one means. Since 
the hauling stress to a semiconductor substrate (semiconducting crystal A) is eased, the generating 
density of the dislocation of a semiconductor substrate or a crack can be decreased and a 
semiconductor substrate can be simultaneously strengthened so that this thickness is thick, it become 
that it is easy to centralize the above-mentioned stress on the above-mentioned side attachment wall 
[0028] Moreover, the thickness of the thin film section has desirable 20 micrometers or less. The 
hauling stress to a semiconductor substrate (semiconducting crystal A) is eased, and the generating 
density of the dislocation of a semiconductor substrate or a crack decreases, so that this thickness is 
thin However, if thickness of the thin film section is set to less than 0.02 micrometers, a problem will 
arise about the intensity of the thin film section, and it will become difficult to maintain high productivit 
Therefore in order to secure the quality and the productivity of a crystal-growth substrate to 
manufacture, the thickness of the thin film section has 0.02 micrometers or more desirable 20 
micrometers or less. 

[0029] Moreover, as for the thickness of a semiconducting crystal to carry out a crystal growth, 
relatively, it is desirable to carry out to more than abbreviation equivalent with the thickness of th thir 
film section, the stress to a desired semiconducting crystal eases by such setup — having — being 
easy — it becomes possible to suppress generating of dislocation or a crack more sharply than before 
This stress Moreover, this stress 

[0030] Moreover, the 10th means is physical or establishing the crevice formation process established 
by chemical etching processing, and forming a cavity and the thin film section by the migration operatio 
near the front face of a ground substrate based on 1000 degrees C - 1350 degrees C heat treatment ir 
the thin film section formation process of any the above 1st or 9th one means about the cavity which 
the upper part opened to the silicon crystal which constitutes a ground substrate. 
[0031] Moreover, the 1 1th means is set at the thin film section formation process of any the above 1st 
or 9th one means. The ion-implantation process which pours ion into the silicon crystal which offers th< 
thin film section. The cavity which the upper part opened to the silicon crystal which constitutes 
portions other than the thin film section of a ground substrate with physical or the crevice formation 
process established by chemical etching processing, and heat treatment It is establishing the junction 
process which joins the thin film section to a crevice, and the exfoliation process which exfoliates the 
thin film section by making the pouring section of ion into a separation interface. 
[0032] The "thin film section formation process" of this invention is possible or easy to carry out 
concretely enough by the above 10th or the 1 1th means at least. However, the thin film section 
formation process" of this invention must be limited to these meanses, must not be carried out, and 
may be carried out by the other suitable arbitrary methods. Also in such a case, it is possible to acquire 
an operation and effect of this invention more than fixed. 

[0033] Moreover, the 12th means is setting to 0.1 micrometers or more and 10 micrometers or less the 
height of the above-mentioned cavity formed in the thin film section formation process of any the abov 
1st or 11th one means. The height of this cavity has good about 0.5-5 micrometers more desirably. If 
this value is too large, since in intensity will become unstable [ formation of the pillar supporting the 
hole which constitutes a cavity, a slot, or a cavity ] or processing will become difficult or inefficient 
gradually it is not desirable. Moreover, floor to floor time also becomes long and its productivity does 
not improve. Moreover, since it becomes easy to combine the thin film section with the base of a cavity 
and it becomes impossible to form a cavity certainly when this value is too small, it is not desirable. 
[0034] Moreover, in the 13th means and III group nitride system compound semiconductor element, it is 
having the semiconductor substrate manufactured by any the above 1st or 12th one means as a 
crystal-growth substrate. According to this means, it becomes crystallinity is good and more possible 
[ manufacturing III group nitride system compound semiconductor element ] than a semiconductor with 
little internal stress, or easy. 

[0035] Moreover the 14th means is the crystal growth using the semiconductor substrate manufacture 
by any the above 1st or 12th one means as a crystal-growth substrate. It is manufacturing III group 
nitride system compound semiconductor element. According to this means, it becomes crystallinity is 
good and more possible [ manufacturing III group nitride system compound semiconductor element J 
than a semiconductor with little internal stress, or easy. The aforementioned technical problem is 
rationally [ effectively or ] solvable with the means of the above this invention. 
[0036] 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 2003/04/1 ( 



5/9 



[Embodiments of the Invention] You may choose each manufacture conditions as arbitration out of a 
degree in carrying out this invention, respectively. Moreover, you may combine each of these 
manufacture conditions arbitrarily. First, as a method of forming an III group nitnde system compound 
semiconductor layer first, an organic-metal vapor growth (MOCVD or MOVPE) is desirable. However, a 
molecular-beam vapor growth (MBE), a halide vapor growth (Halide VPE). a liquid phase grown method 
(LPE) etc may be used, and each class may be formed by the respectively different growth method. 
[0037] Moreover, about a buffer layer, it is desirable to form in the inside of a crystal-growth substrate 
or a ground substrate from the reason of correcting grid mismatching. Ill group nitride system compoun 
semiconductor AlxGayIn1-x-yN (0<=x<=1 . 0<=y<=1, 0 <=x+y<=1) made to form at low temperature as 
these buffer layers when carrying out the laminating of the buffer layer (the aforementioned interlayer) 
into a semiconductor substrate (semiconducting crystal A) especially — AlxGal-xN (0<-x<-1) can be 
used more preferably A monolayer is sufficient as this buffer layer, and it is good also as a multiplex 
layer which is [ composition ] different. The formation method of a buffer layer may be formed at 380- 
420-degree C low temperature, and the range of it is 1000-1 180 degrees C conversely, and it may be 
formed by the MOCVD method. Moreover, the buffer layer which consists of AIN by the reactive spatte 
method can also be formed using DC magnetron-sputtering equipment by making high grade metal 
aluminum and nitrogen gas into raw material. 

[0038] The buffer layer of general formula AlxGayIn1-x-yN (0<=x<=1. 0<=y<=1. 0 <-x+y<-1 . and a 
composition ratio are arbitrary) can be formed similarly. Furthermore, a vacuum deposition, the ion 
plating method, the laser ablation method, and the efficient consumer response method can be used. As 
for the buffer layer by the physical vapor deposition, it is desirable to carry out at 200-600 degrees C. 1 
is 300-600 degrees C still more desirably, and is 350-450 degrees C still more desirably. When physical 
vapor depositions, such as these sputtering methods, are used, buffer layer thickness has des.rable 
100-3000A Still more desirably. 100-400A is desirable and is 100-300A most desirably. 
[0039] There is the method of forming by turns as 600 degrees C or less and 1000 degrees C or more 
formation temperature about the layer with the same composition which forms by turns the layer which 
consists, for example of AlxGa1-xN (0<=x<=1), and a GaN layer as a multiplex layer. Of course these 
may be combined and a multiplex layer may carry out the laminating of three or more sorts of III group 
nitride system compound semiconductor AlxGayIn1-x-yN (0<=x<=1. 0<=y<=1. 0 <=x+y<=1). Generally 
the buffer coat is amorphous and an interlayer is a single crystal. A buffer coat and an mteHayer may be 
formed a term two or more rounds as one period, and a repeat is good an arbitrary period. Crystallimty 
becomes good, so that there are many repeats. 

[0040] Whether it replaces a part of composition of an III group element with boron (B) and a thallium 
(TO or the III group nitride system compound semiconductor of a buffer layer and the upper ^ layer 
replaces composition of nitrogen (N) part by Lynn (P). the arsenic (As), antimony (Sb). and the bismuth 
(Bi) it can apply this invention substantially. Moreover, what doped the grade wh.ch cannot display 
these elements on composition may be used. For example. AlxGa1-xN (0<=x<=1) which ,s the . HI group 
nitride system compound semiconductor which does not have an indium (In) and an arsenic (As) in 
composition may be compensated for the extended distortion of the crystal by the omission of a 
nitrogen atom with compressive strain with doping the big indium (In) of an atom.c radius from aluminum 
(aluminum) and a gallium (Ga). and doping the big arsenic (As) of an atomic radius from nitrogen (N), and 
crystallinity may be 

[0041] In this case, since acceptor impurity goes into the position of an III group atom easily, p type 
crystal can also be obtained by the AZUGU loan. Thus, together with the invention in this application, 
penetration transposition can also be further lowered to 100 or about 1/1000 by improving crystallinity. 
In the case of the basal layer in which the buffer layer and the III group nitride system compound 
semiconductor layer are formed two or more periods, it is still better for each III group nitride system 
compound semiconductor layer to dope an element with a bigger atomic radius than a main composition 
element In addition, when it constitutes as a light emitting device, it is desirable to use the 2 yuan 
system of an III group nitride system compound semiconductor or a 3 yuan system originally. 
[0042] When forming an n type III group nitride system compound semiconductor layer. IV group 
elements, such as Si. germanium, Se, Te, and C. or VI group element can be added as an n type 
impurity. Moreover, as a p type impurity. II group elements, such as Zn. Mg. Be. calcium. Sr. and Ba or 
IV group element can be added. You may dope plurality or n type impurity, and p type impurity for these 
in the same layer. 

[0043] It is also arbitrary to reduce the transposition of an III group nitride system compound 
semiconductor layer using longitudinal direction epitaxial growth. Under the present circumstances, the 
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method of the thing using a mask and the thing arbitration which buries a level difference by etching c; 
be taken. 

[0044] An etching mask can be with oxides, such as polycrystal semiconductors, such as polycrystal 
silicon and a polycrystal nitride semiconductor, oxidization silicon (SiOx), a silicon nitride (SiNx), titaniu 
oxide (TiOX), and a zirconium oxide (ZrOX), a nitride, titanium (Ti) t refractory metals like a tungsten (W 
and these multilayers. These membrane formation methods are arbitrary besides vapor growths, such a 
vacuum evaporationo, a spatter, and CVD. 

[0045] Although reactant ion beam etching (RIBE) is desirable in case it etches, the arbitrary etching 
methods can be used. As what does not form the level difference which has the side perpendicular to z 
substrate side, the cross section which does not have a base in the pars basilaris ossis occipitalis of a 
level difference by anisotropic etching may form a V character-like thing. 

[0046] Semiconductor devices, such as FET and a light emitting device, can be formed in an III group 
nitride system compound semiconductor. In the case of a light emitting device, although a luminous 
layer can consider the thing of gay structure besides multiplex quantum well structure (MQW) and singl 
quantum well structure (SQW), hetero structure, and double hetero structure, you may form by the pin 
junction or pn junction. 

[0047] Hereafter, this invention is explained based on a concrete example. However, this invention is nc 
limited to the example shown below. 

(The 1st example) The outline of the manufacture procedure of the semiconducting crystal (crystal- 
growth substrate) in the example of this invention is illustrated hereafter. 

[0048] [1] About the cavity which the upper part opened to the silicon crystal which constitutes a 
ground substrate, establish the crevice formation process established by chemical etching processing, 
and a thin film section formation process book manufacturing process is physical or a thing which forms 
a cavity and the thin film section by the migration operation near the front face of a ground substrate 
based on 1000 degrees C - 1200 degrees C heat treatment after that further. 

[0049] (a) the crevice formation Si (1 11) substrate on a silicon substrate — plasma CVD equipment — 
using — Si02 a film — about 1 micrometer — forming membranes — Si02 a membranous part and 
membranous Si substrate — photo lithography and RIE — patterning — and it **********s and many 
holes with a diameter [ of about 0.8 micrometers ] and a depth of about 3 micrometers are produced in 
a cycle of 1 .2 micrometer (interval) on Si (1 1 1) substrate front face Then, above Si02 A film is removec 
by B-HF. 

[0050] (b) They are migration, next Si substrate in which this crevice was formed H2 In atmosphere, by 
heat-treating at 1 100 degrees C, migration of the Si atom is carried out on a substrate front face, and 
the thin film section (membrane) of about 1 micrometer of thickness is formed above a crevice. That is, 
the cavity of a large number which are illustrated by drawing 1 is formed by closing the upper part of 
the above-mentioned crevice in this thin film section D1. Then, it is a front face by carrying out wet 
oxidization of the obtained substrate at 1 1 50 degrees C Si02 It is made to change and thickness of Si 
thin film section which remains is set to about 0.1 micrometers. 

[0051] (c) Si02 of after that [ washing ] and the above A film is removed by buffered fluoric acid. The S 
substrate D which has a cavity which is illustrated to drawing 1 , and the thin film section D1 by above 
process (a) - (c) was manufactured. 

[0052] [2] A reaction prevention stratification process book reaction prevention stratification process is 
a manufacturing process which carries out the laminating of the reaction prevention layer on the ground 
substrate (Si substrate D) which has the above-mentioned thin film section D1. At this reaction 
prevention stratification process, about 1 micrometer of reaction prevention layers B which consist of 
alumimium nitride (AIN) at about 1 100 degrees C is first formed by the vapor growth (MOVPE) on the 
crystal-growth side (thin film section D1) of Si (111) substrate. 

[0053] [3] Carry out a growth process until a semiconducting crystal A (GaN) grows up to be the thick 
film which is about 200 micrometers on the above-mentioned reaction prevention layer B at this 
crystal-growth process after that [ crystal-growth process ] according to an organometallic compound 
vapor growth (the MOVPE method). In addition, at this crystal-growth process, it is ammonia (NH3). 
Gas, carrier gas (H2, N2), trimethylgallium (Ga3 (CH3)) gas (it is described as "TMG" below), and 
trimethylaluminum (aluminum3 (CH3)) gas (it is described as "TMA" below) are used. 
[0054] On the above-mentioned reaction prevention layer B, the crystal growth of about about 200 
micrometers (semiconducting crystal A) of the GaN layers was carried out according to the MOVPE 
method. The rate of crystal growth of the GaN layer in this MOVPE method is about about 30 
micrometer/Hr. 



http://www4Jpdljpo.gojp/cgi-bin/tran_web_cgLejje 



2003/04/1 ( 



7/9 

[0055] [4] Partition stage (a) The wafer which has a ground substrate (Si substrate) is cooled to 
abbreviation ordinary temperature after the above-mentioned crystal-growth process, passing ammoni. 
(NH3) gas to the reaction chamber of crystal-growth equipment. What is necessary is just to make the 
cooling rate at this time into the "-50 degree-C/min— 5 degree C/min" grade in general. 
[0056] (b) When these were taken out from the reaction chamber of crystal-growth equipment after 
that, the GaN crystal (semiconducting crystal A) which exfoliated from the ground substrate (Si 
substrate) was obtained. However, this crystal is a thing [ that the fracture wreckage of the side 
attachment wall of the thin film section D1 or the above-mentioned cavity has remained at the rear 
face of a GaN layer (semiconductor substrate) ]. 

[0057] [5] Remove the fracture wreckage of the side attachment wall of the thin film section D1 or the 
above-mentioned cavity which consists of Si which remained in the rear face of a GaN crystal by 
wrapping processing after the partition stage of the wreckage removal process above. However, you 
may carry out this wreckage removal process by etching processing using the mixed liquor which added 
the nitric acid to fluoric acid. Moreover, you may remove even the reaction prevention layer B. 
[0058] By the above manufacture method, the semiconductor substrate (semiconducting crystal A) of 
the good GaN crystal of the crystallinity of about 200 micrometers of thickness which was very 
excellent (GaN layer), i.e., the request which became independent of a ground substrate, can be 
obtained. That is, the single crystal of the gallium nitride (GaN) without GaN polycrystal (reaction 
section) or a crack which was excellent in crystallinity conventionally can be obtained by the 
manufacture method of the above semiconducting crystal. 

[0059] Therefore, if such a good single crystal is used as a part of semiconductor light emitting devices, 
such as for example, a crystal-growth substrate, it will become luminous efficiency is high or possible 
[ manufacturing semiconductor products with which driver voltage was suppressed conventionally, such 
as a quality semiconductor light emitting device and a semiconductor photo detector, ], or easy. 
Moreover, if such a good single crystal is used, not only a light-corpuscle child but manufacture of the 
so-called semiconductor electronic devices, such as a semiconductor RF element which operates to a 
pressure-resistant high semiconductor power element and pressure-resistant high frequency, can be 
made possible or easy. 

[0060] In addition, between a reaction prevention stratification process and a crystal -growth process, 
you may establish the buffer stratification process of performing a crystal growth at the elevated 
temperature of 1000 degrees C - about 1 180 degrees C in order to correct lattice constant 
mismatching. . 

[0061] Moreover, in the above-mentioned example, although the thin film section of a ground substrate 
is formed by preparing many cavities near the crystal-growth side of a ground substrate as illustrated tc 
drawing 1 , you may form these from a series of cavities. You may form the cavity of this invention by 
following, for example, forming an one tubular tunnel type cavity precisely [ it is long and slender and ] 
to the shape of a whorl. Above-mentioned drawing 1 can also be interpreted as a cross section of a 
ground substrate with the cavity constituted such. That is, generally about the formation gestalt of the 
cavity aiming at forming the thin film section of a ground substrate, the configuration, a size, an interval, 
arrangement, orientation, etc. are arbitrary. 

[0062] (The 2nd example) **** 2 example transposes the thin film section formation process of the 1st 
above-mentioned example to the following "thin film section formation processes", and does not have 
the need of making a special change, about other processes. Hereafter, by this example, only the "thin 
film section formation process" at which a method is different from each other is explained to be the 
1 st above-mentioned example. 

[0063] [1] The ion-implantation process which pours ion into the silicon crystal whose thin film section 
formation process book manufacturing process offers the thin film section. The cavity which the upper 
part opened to the silicon crystal which constitutes portions other than the thin film section of a ground 
substrate Physical or the crevice formation process established by chemical etching processing, A 
cavity and the thin film section are formed according to the junction process which joins the thin film 
section to a crevice with heat treatment, and the ablation process which exfoliates the thin film section 
by making the pouring section of ion into a separation interface. 

[0064] (a) Pour a hydrogen ion into the silicon crystal (Si (111) substrate) which offers the ion- 
implantation process thin film section D1 by incidence energy 4keV and the dose 2x1016 to 1x1 1 01 7 
[cm-2]. Drawing 2 is the graph which illustrated the number of pouring ion to the depth into which ion is 
poured in **** 2 example (density). Near the ion-implantation side of a silicon crystal, a high ion- 
implantation layer is locally formed for ion density so that it may understand also from this view. 
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[0065] (b) crevice formation process one side and another Si (1 1 1) substrate (equivalent to the sign D 
of drawing 1 ) — plasma CVD equipment — using — Si02 a film — : about 1 micrometer — forming 
membranes — Si02 a membranous part and membranous Si substrate — photo lithography and RIE — 
patterning — and it **********s and many pillars with a diameter [ of about 0.6 micrometers ] and a 
height of about 3 micrometers are created in a cycle of about 2 micrometer (interval) in Si substrate 
front face 

[0066] (c) Join perpendicularly a junction process, next the ion-implantation side of the silicon crystal 
which offers the above-mentioned thin film section D1 to many pillars of the above-mentioned Si 
substrate front face. 

[0067] (d) By heat-treating at 500 degrees C of ablation processes, make the silicon crystal which 
offers the above-mentioned thin film section D1 in the ion-implantation section separate, and form the 
cavity closed in the thin film section D1 up. 

[0068] The Si substrate D which has a cavity which is illustrated to drawing 1 , and the thin film sectioi 
D1 by above process (a) - (d) was manufactured. 

[0069] Hereafter, it attaches and illustrates in the range in which deformation of the operation form of 
the 2nd above-mentioned example is possible. For example, even if it uses (helium+) instead of a 
hydrogen ion (H+), the 2nd above-mentioned example, and the same same operation and eff ct as 
abbreviation can be acquired. 

[0070] Moreover, although the dose of a hydrogen ion is dependent on the quality of the material of a 
ground substrate etc., it is effective in the range of 1x1015 [/cm2] - 1x1020[ / cm2] in general, and cai 
acquire the same operation and effect as the above and abbreviation under this condition. It is more 
desirable, 3x1015 to 1x1017 [/cm2] grade is at best still more desirable, and the dose of a hydrogen ior 
has 8x1015 - good 2x1016 [/cm2] grade. 

[0071] Moreover, if this value is too small, it will become difficult to make the thin film section D1 
separate from the silicon crystal which offers the thin film section D1 certainly, moreover — if this 
value is too large — the damage to the thin film section D1 — large — becoming — a ground substrate 
to the thin film section D1 — abbreviation — it becomes difficult to make it separate into the 
configuration finely connected by uniform thickness 

[0072] Moreover, it is also possible to control the thickness of the thin film section separated from a 
ground substrate by making incidence energy adjustable. The measurement result of the depth (depth 
[ of the maximum density ] h) in which the ion to the pouring energy of ion is poured into drawing 3 is 
illustrated. For example, the depth (depth [ of the maximum density ] h) in which ion is poured into this 
appearance can control the thickness of the thin film section suitably by adjusting incidence energy 
(acceleration voltage) to the pouring energy of ton, since it carries out proportionally [ abbreviation ]. 
[0073] Moreover, while forming the partial fracture section (void) in an ion-implantation layer beforeham 
by heat-treating after an ion implantation, the crystallinity of the ion-implantation section of a ground 
substrate which received the damage by ion irradiation can be recovered. Moreover, the crystallinity of 
the semiconductor which grows on it can be raised with heat treatment to the thin film section D1 at 
the time of the porosi. 

[0074] Moreover, the thickness of the thin film section D1 has desirable 20 micrometers or less. The 
tensile stress to the target semiconducting crystal is eased, and the generating density of transposition 
or a crack decreases, so that this thickness is thin. Therefore, it is more desirable, 2 micrometers or 
less are at best still more desirable, and the thickness of the thin film section has good 200nm or less. 
What is necessary is just to adjust the pouring energy (acceleration voltage) of ion according to above- 
mentioned drawing 3 etc. so that the peak of the number of pouring ion may become the depth of this 
level in order to realize these values. However, if an ion-implantation layer becomes thick, since it will 
be hard coming to control the thickness of the thin film section, ion-implantation layer thickness etc. 
takes cautions. 

[0075] Although ion-implantation layer thickness cannot be defined strictly, the half^value width to the 
peak value of the number of pouring ion of drawing 2 etc. may become one standard, for example. It 
becomes easy to control the thickness of the above-mentioned thin film section, so that this ion- 
implantation layer thickness is made thin. Therefore, meanses, such as maintaining the pouring energy 
(acceleration voltage) of ion at constant value as much as possible, become effective, when controlling 
the thickness of the thin film section correctly. 

[0076] In addition, in each example after the 1st above-mentioned example, you may use Alx Ga1-x N 
(0< x<1) etc. as a crystalloid material B which forms a reaction prevention layer. The operation and 
effect as the above-mentioned example and abbreviation that such crystalloid material B is also the 
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same are acquired. Generally carbonization silicon (SiC), alumimium nitride (AIN), a spinel (MgAI 204), c 
an aluminum composition ratio can use at least 0.30 or more AIGaN(s), AHnN, or AIGalnN more as a 
crystalloid material B which forms a reaction prevention layer. 

[0077] Moreover, the semiconducting crystal A which forms the target semiconductor substrate is not 
limited to a gallium nitride (GaN), and can choose arbitrarily the aforementioned general "III group nitric 
system compound semiconductor." Moreover, the target semiconductor substrate (semiconducting 
crystal A) is good also as what has multilayer structure. 

[0078] That is, this invention does not have a special limit in the kind (quality of the material) of 
semiconducting crystal of a ground substrate or the purpose, and can be applied to hetero-epitaxial 
growth of well-known or arbitrary kinds including the arbitrary combination of the above-mentioned 
ground substrate and each material of a semiconducting crystal. 

[0079] Moreover, in the above-mentioned example, although the organometallic compound vapor growtf 
(the MOVPE method) was used, the crystal growth of this invention can be carried out by the halide 
vapor growth (the HVPE method) etc. 

[0080] Furthermore, although the method using a semiconducting crystal A as a crystal-growth 
substrate of a semiconductor device was illustrated in the above-mentioned example after separating 
the ground substrate and performing wreckage removal, you may use the process which performs these 
separation and wreckage removal as a semiconductor device, especially not carrying [ carrying out aftei 
carrying out the laminating of the own semiconductor layer of a semiconductor device, or ] out a 
partition stage etc. 



[Translation done.] 
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* NOTICES * ' 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The typical cross section in the manufacturing process of the semiconducting crystal whicl 
explains the fundamental concept of this invention in instantiation. 

[Drawing 2] The graph which illustrates the number of pouring ion to the depth into which ion is poured 
(density). 

[Drawing 3] The graph which illustrates the depth (depth [ of the maximum density ] h) into which the 
ion to the pouring energy of ion is poured. 

[Drawing 4] The typical cross section which illustrates the conventional semiconducting crystal which 
carried out the crystal growth on Si substrate (ground substrate). 
[Description of Notations] 

A — Semiconducting crystal (the target semiconductor substrate) 

B — Reaction prevention layer (crystalloid material) 

D — Silicon substrate (ground substrate) 

D1 — The thin film section of silicon-substrate D 



[Translation done.] 
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•c. Bumjkmizftm-t&&j}tfMmzti. zti^m 
juiBumjtmz. ZBrn-tzmtzttrnzmK * 

^coiEV^fEPSjtilT'. Ti&mg. (SiH) kS-(b<f 
y ^7^^<7)^«5 ( ^#«c^ b b b a ) b S- J: 0 JfUfcigBr 

a y «mtESih-r hzb h . 

[0012]*^. JJSOinittoftvMi&iRlc J: y r_ F 

«m t *&imm<7>f3<7)m?%&Miz&-j < ^ j # 

fiD*>. JiLh^^^Wf^ffliiiy. M^'y>A^<D^ 
if #: ( ^NlfMSA a ) t^lBfiMr*^ UBK 0 , * 

[0013] ULic^fflkffl^mtcJ: y . ±IE^ r R 
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■fpStf>¥i£tt«8i (*#«cM B B B A) *#4ik*««rttX 

coo 14] m2cr&mi. istnmv&miz 

iS^X. ±SBi&mm6&At. r Al, Ga 

y Inn.,-,) N(0£x<l, 0<ySl, x + yg 
1 ) j IH«H^^-&* J HI*^4>aiJj«- 

[0 0 15] ifc. * 3 JJEtfflSlXtt»2 

bj. HHb^u ny(sic). g-fcr/PS-^A ( a 

IN), ifcttXt**' (M g A 1 2 0 4 ) i-OMfct 
hZbX'hh. 

[ o o r 6 ] tt: . m4 commit. ±iz^m 1 x\m 2 

B Sr. T>l>$-VJ>mj&ftt) t 'J?%< t hO. 3 0£li*A 
1 Ga N. A 1 I nN. ^1">I±A 1 Ga I nNi>)IK 

[ 0 0 1 7 ] • * 5 V^mii. ±IB^m 1 7!>M3fl4 

^Mit^i^^sttfcv^T. ±m<?>R$ffiikm<r>mm 
sa&wMrcii** u v *? a < g a > ^ t < nm. 

ftjfV^l* (GaN) (Si) fc^^KJi 

^< rKJ£& (£feyi?>GaN) j 
[ 0 0 1 8 J &1Z . ^lEB&jhScoK^* J )ljir& £ . K 
^tXttWbyy*.* (GaN) fcyUay(Si) i: 

[0019] ^6ct>^s«. ±fe<omj!>sm5 
mm&m<rMmz *a i, G ai . x n <o<x^ 

[00 20] fcfc'U ±IE^N*-/7rJlCfc{i. jl^-1 
1 0 0*Cft3fi-Cj£*-f &A 1 N-^A 1 GaN3*7)¥^ffc 

U<?)'<-v7TmCtB&mMjtL W:A1 N^. A 1 Ga 



2ti&mzmmLxi>&\ 

[0021] zii$><7i/*v7Tm mw±. *>mm)<7> 
m) izm<fox*Mmx%&m<?>imtmm(WFmms. 

B tffflk^ U 3 > ( S i C ) '^)^tr. #(c|^TS) 
£. IP*>. £Oi#£fc:fci. Rsm±m<^)±iz^^yrm 

[ o o 2 2 ] i ti: m 7 <n&mt . ±s&m* <v^mz 

t$\,xX\ >K>y:7 7*®C<9&W£0.01jumULb. 1/zmUl 

_L, 0.5 jLtmJJlT^W ■ 
[ 0 0 2 3 ] dtfOH^dWiSr^ i: . ^5 '» ^^^L 

^<^o. m&msSmm&gtvmx'iiziXhT 

[ 0 0 24] ^8c0^g(4. ±IBC0^1BM^7 
<7)Mit*»lo<7)^SCt5V%T. *^«S B B B AkTJI!!*« 
k ^ ^IMt & £ fc 0^i*:^ B B B A b T«6 

[ oo 2 5 ] ^mwmm. (^*m b b b a ) $r+ 
$t~ox^ zamuzmmttiK. m^izrmmib^m 

r^?Bj ^#<®>£§n-5S. ffiPK)HH6ft:iE» (I? 
Urtftfj) * I m4>L#<'5rS. EU*>. ±M<^m9<^mz 
Xtili. ±Mmfe-ti*?&%,\,z>&$L-?h Z b tfX'Z h ti 

*mtemn, a b rtmfc b s- ^\z%mt h^btf 

[0026]^. Tt&mRb¥m&mib m 
m -t&mtz* ¥mftmLMizTtmfo(7>-& (&m» 
^gmcommcwmmmb') tm->x%>&w 
m&m-imt. zti^mmco-^^mb-t^m 

v t>m •v+yym<n>m ! fav>*m:m^xmmth 

ZbifiXtZ. 

[0027] Sfc, m9(D^mt. ±MZ<D&lT}g&& 
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[0028]^:. ISJgSBOffSii. 2 0;tzmmT#Si 

w$&?7 v?<r>&&®w.tf%&t%>. tcfzL. mm® 
<r>mz ^o.o2Mm*sii:-rs t.. nw^^ms.^zmm^ 

Sgjgg&^Sfi. 0.02jumJ2LL2'OjKinOT 
[00 29lvifc, llSWWi, 

[0030] tti. mi oofgii« ±m<?>mm^m 

9OHftano<^&<0Sl8g^J^It*i3Vvt % Tift 
»K£»jSrr.& y'Jn y^S^. Ujtfffl^ *fc£iH£«J 

mmxwvm* v*h>ywmz£ oB^iismmaa: 
nzmi. loo o-c~ 135 oxxry®ymizm~3<T 

[00311 *fc«J*li tf>#gHi. ±ffi»*l JbM^ 

9oM^ioo*s^isa5jgfitcmt2i5v-c, mm 

+>?>mi l z£vmi&wmBf$a:nk. mm&z 
if&ztx-hz. 

[oo32] *$m<7> mmmmm j a. '>%<t 

i> . ±12^ 1 OXiilfl 1 1 0 . -HWcJWfr 

r &mtmfiaMs (±. z.nt>(?>4mzm%.Lxn 
[ o o 3 3 ] . m 1 2 ±ieo^ i nmm 

l i^Mti^lo<o^&^Ka^«X^^fcv%T^jiS; 



k-fSdkT&S. iOM*L<ti, i^SP^s$<i 

i,z^&%t%&ti\ txa.&»«tzBmxttmb 

[0034] £tz. m 1 3<^gHi. IIIKS^^-ffc 
V , ±IB<om 1 1 2 co^tT. 

[003 5] 4^:, mi4<&m.\&. ±MV>mi7bS& 

1 2o®tifrim^mz£ K>WMk2titz¥mtem&z 
&gk&£&MtLxm\vj&&s$.mz}:') inwmiuto 
zkit-SM^mim?* sst-r c t -e* s . . c: <n^mz 

o . ii istg^m-fb-^ii^^s-^^ssat^^ 

[0036] 

OVPE) 4*»*LV^. L*»L^36«<?>. 'dHFttMBAJItt 
(MBE) . ^^^f (Halide VPE) „ JKffijK 

(lpe) ^?rffl^-c^m<, ttc. &mz&*m%: 
Zfmxmx'Bis.Lx w^. 

[0037] 4fc, ^*>y 7T®tCOV->T{i. IS^^S^- 

^^iuim^mm.^m 3 mmi x Gi y in 1 . x . y H <o^ 

x gl, Ogy^l. Ogx+y^l) . i t<{±Al I Ga,. I 
N(O^xSl) im^&Z.b&X'ph. ZWt-yyrmii 

mmxi>&<. ®im<r>m%h&smbLxi>&^. ^ 

••j-7rm<?mfcffite.. 380~420WffiSTm-r^ h 
<DX'i>&<. i££1000— HSO'Cc^ffiHT. MOCVDS 

[00 38] Piaifc-^AUGaylni.,.^ (O^x^l. 0 
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k**T#S. WHHKacJ:4^ i i'7rIli. 200-600 
•Ctff^^U^. $6fea*t<l4300~60<rcT 
£>D, $ 4»fc:a4t< 14350— ittfeOX 

7rS^if§«4. 100— 3000 A#*M4 U\ 

L <tt, 100~400A*<H4 1 < , M.i>W£ L< I*, 100 

—300 ATS) So 

[0039] #»Ik LTI4. ff*.tftl B Gai-,N (O^x 
£1) #6jft4JffcGaH*fcfc^*C#lfti"*» fi^^PI 

tJB*»jaautfc«iif6arcjaTfcioo<rcfeLhk 

£*>-£T «, n < , £®f 14 3 SKUkoi I i£M»fk 
6WmMMl,G>,Ini-,-,N <0£x£l. 0£y£l. 0s£x+y 
SI) £ifjlLTfc&v%. -««tc:l4K«Jit4#fS®T 

& o . *iajg{i#ifiST2ti-6 . ss«Jik 4>^Jisr i mm 

[0040] a*7 7 r JUttf ±AAIIIidMdlA1M- 

£>jy(Ph b*(Ash TV^yCSb), t'XVX(Bi) 

TfcAv*. «itt»ftfc-f^S^!rA(Iii), fc#(As)£W 
UfrO 1 1 IftMftfelMt^^ttT*) & Al, Ga, - , N (0 

T^p»a***>fyS^A(In). XiiBSKOO i 0 
cofetttc i &M,f B tf>iS^A£JEiitS*T*ittil tlfefttt 

[0041] z.^^ir^^r^mamuwm'f- 

■C^«BHk'&*>*T3e(CJBMKttt 1 0 OJb^l 0 0 

i nm^m^mmm k # 2 Mm&tvfm* 
miz&z&ffifSjtmx o hMtt&nJzttt&t* 
a, *3fti 1 1 ^im^t-^mmm> 2 . st< 

[0 04 2] nSOlUMM-fb^-ftS^fe^*®^ 
nSPRffifek LT. Si, Ge, Se, Te, 
C^VSOT^X{4VlSl7cS^»f-i.-i:A i -r#«». 4 
pM^W^hLXM. Zn, Mg, Be, Ca, Sr, Ba^II 

m^xmm7tmt:ffi})Bt&zkti*x'Zz>. znt>z 



xi>&\ 

[00433 1t^l6]XtT^^v'-v;H^*$rffl^TIIlSl 

[0044] xyfy/vx^tt, ^sa^yny, # 

SSI^M*^fle^#ilNI##flt. S-fk^S (Si 0, h 
M<t3£S(SiN x ), Bftt^ffip,). IWk^n-^A 

fc**?**. ^ti^fi!US^4gS*, X^y*, CV 

[ 0 0 4 5 ] x -y ^-y ^Sr-rSl^fc(4, RJiBtt-f *^t* 
-Ai.yfy/ (RI BE) #M4Lvva*, ffSW V 

^-rSSM^^-rsoT'^rv^Ok LT, M3?i4x 

v+vmx. vmtii&M(Dimizfem0M\>\ 9sm& 

[0046] mmm.im^it^mmmzFE.T. % 
jtffw^t^aa^s i k **-e# s . mm 

— S^#F^ia (SQW) Oft, *^«§jt, ^T-^m 
&l£^\±P n&&mtzi t )J8J&VXi>m\'\ 

[0047] kit, ^BB^m^w^M^J^o'v^r 

tl.Si<0-Ct4=5:V^. 

[0 04 8] cumfmj&f&m 

^f3v^^P^!R«WX{4 ; ft:^«x ^yynmizX 

vi&ii&w&&i&JMzm?. w.z*:<m.. i o o o-c 
—120 Qx:<7y?mmizm^<TW^<nmmwT8.<7>-? 

[0049] (a) is*Jzi>Wfc±.cr>WU&tfL 

si (in) muzyjXfcvDmw&m^x. s 

i0 2 M$:l«7l^m«)lL, Si0 2 H<7)-g5kSi* 
«kS:7*bUy^7-f-kRlE(cJ:0^-y- 
y^a^x-y^-y/tT, Si (111) 
g*«j0.8/zm, gjiS^3Atm<7)5tS-#ifcl- 2/imilW 

(HP!) "CfWW-*. ±IB<0S i 0 2 K$:B- 

[00 50] (bJ^^U-^ay 
i^tc, ClOMg|5^B!t$^SiS^$rH 2 

-c, 1 1 o o^cn^s-r^wktciot, sK^st- 

jf^SPD 1 -e±!E<0[HgK>±:fr£ wt S C k tz i 0 , 0 
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t>tvrzWfc*i i 5 o nx'w e tBHfcS ithzb iz£ 
o . mm* s i o 2 i,z$&tz-$. s i mm&wsm 

£0. 1 xtmSKK.?*. 
[00 5 1] <c)ifc# 

-r*. feitoxg < a ) . - ( c ) izx 9 , 0 1 iz&m-t 
hm^mtmm^D 1 sw-r* s i mmx> l 

[00 52] i2)5Um±MBf&im 

mmm ( s i sisd > ±.iz%gffi±m sssjix 

i (in) s^^a^*® (mmD i > xkjmb 
< mo v p e o ~ ft 1 1 o o'CT^tr^ 

$ "^.A (A IN) i9<££5tiSEfriU!B£m;umj£ 
[0,0 5 3] C 3 } S§ B 1iJ&ftXg 
iZ. ###ISiHA (GaN) ^2 0 0^mg^<7)J5JKfc 

(mpvpes) t^-sT^srrs. ^ *&p b j&ki 
e-ca, r^-r(NH 3 ) vrtfx (h 2 ,n 2 ) 

. M>^^;^*U^A(Ga(CH3)3)^ (12TF r TMG j 

X (KIT r TMA j biit) fcfflv^. 

[0054], ±IB<?>SJSB6±®Bc7)±tC, MOVPEft 
tC$£^T. GaNf (^f*:tS B B B A) ^2 0 0^mg 
Bm&J&gZitfz. icOMOVPE^*>(t?>GaN)i 
CDgilliJ&llilSte. /U-3 0jt/m/Hrg J g-C&&. 

[00 5 5] C4X#8lXg 

(a) JJB^ B |jfcIIX*S<D&. T^-T (NH 3 )#X 
SrMajR^S^RiEStciSgLyt:*^. T«&*8i < S i 

)$iimm±. Wit* r ~ 5 0*C/m i n~-5'C/m i 
nj m^i:-rft{fSV^. 

[0056] ( b ) *<rm. ztit>$&iki&ggm<o%. 

mmfrkJSWiti-fb. TtlMi (S ill) *>£>§iJBiL 

oisaii. GaNi (¥s*s«) ammiz. mm®v 

[0057] t5^mm&xu 
±3i<7)ti-mxn(tf£. 7vvyr9mtz£r). GaNg 

SOKaSfcJSofcS i i 9J££?I8ia5D l^»±ie^^P 
[00 581 &±<vm£ffi£fc X *) . ii^)200jum 



<7)t££k&(&mzmit:m<VG a NfeS (GaN 
>fc. GaN^I&fl, (££&) ^5^^WJ 

(GaN) <r>ma&znhz.bi!) s v£&. 
^m^mmmwrnm^^y-^t Lxm^tt 

-r. ms&^m\,^m^ , 7~m^m^mim£X'm 

[ 0 0 6 0 ] ft. ^Reita^iRXSt^al^^Xgi: 
crffl^ m=Fjm?mi}i:&iE'?&B$>X\ 1000^ 
— 1 1 8 0 Xmm&mi&Xl£&S&g:$:ft 0J<v7 rMB 

[0061] tti. ±m<^mmmx'ii. muzm^trz 
miz. TmmLcomikm%m<7ttmiz&m<r>£mzmi 

i*~m<7)£.mfrt>&i&Lxi>&^. m-ox. mm. 1 

mft^mui. *n£oizffij&znfc&m£ft^>Tim 
tev>mmmkLxmi-r&zbb-iismT$>& . bj*>. t 

mm^z-o^xit. -sttz^ft0f&vi. mm. u 
mj*mizimx'$)&.. 

[006 21 (^2|life0!l) *^2HSg^«. XIE^m 

^s-r^^^v^o-c-fei.. sir. ^mmmx-it. 
±M<Dmimmibit^mifi^m^h mmmmmx 

[0063] c i ) mm^mmjim 
*m%Li.mt. wmzm®rtz>2'V3>&i , Biz4*> 
zm^h-ixywaMb. Tfms.<^mimim^> 

St , f^Stci O^KSf SrDflSS^^-rs^XS 
[0064] (a) 4*>-&AIS 

?siig?D i zmm^&i'V^y&i'* ( s i (hdi 

S2xi0 16 ~li<l 0 17 Ccn-^D 02 
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[00 6 5] ( b ) W&Bf&XU 
-■n. W)S i ( 1 1 1 ) IS <Hl«>8#Dfcffi3> 
tr^XVCVDgl^fflV^, Si0 2 K^ljum 
l£ffiU S iO z R*>-8i:SifflBU:*:7*HJV*'' 
97 4 _ kR i Etc J: + W 

Lt« SiMS»Hfc»Stt0.6jum. fi££j3/im<0 
S5r^^2jum^K8 (0B1) "CffrfW - *. 

[00 66] (c)£&XS 

[00671 (d) tflStlfl 

500 -c-d^aa-r ztizx*). 4* >rkjMx-±M 

[0 0 68] &±#>3M (a) — (d) WO, Hlfc 
l«jj^***3ffll:8WI*D 1 S i WSX> £g5 

[00 6 9] J3TF. JdE«» 2HJSM?)^Sfc^©tf>^ 

^tg&&ffltcfi-^T0!Mr;-r£ . wux . **>( ( h 

♦ ) OftbOfc (He* ) frJHVYCbt ±EO»2Wt 
[0 0 70] *fjM*>^K-X*^ Tffe»g 
1 X 1 0 2 » C/cm 2 } «MW3^T**C. 
£. £r>flSL<tt. K-XJBi, 3X1 

ois~i x i o" c/cm* d su&wk, jgea&-L< 

(i. 8xl0 15 ~2xl0 1B (/c« 2 DmS**SV^. 
[ 0 0 7 1 ] i Wffc^/hSiftyft k . 1 

D 1 ^<r>y* - 5*ttfc § < =5: 0 , TflHWE** 6* 

[ 0 0 7 2 ] Altx*/!^-*^*: LX. TflS 

*cT&. «£tf, :«UMc. >f*>TmXS*i*»S 

ikffith<r>X\ TJtx*/!^- (MMEE) 

h. 

[0073] 4 sT^AflORAH^ff 3 i fc(c 



[0 0 74] JtR»Dl<OffS»±, 2 0/zmtlT 

$l42jum«T* t ft<\ mtmt L<{±2 0 0 nmSST 
^ywftAx^K- (JPjSmffi) £P8-f 

[0075H *>ii:7Jf tf)J¥$ti. §t»fc«saSIT* 
^ffliti^^ 1 ocOB^tc:^: 0 . JJB^it*£>J!E3 

[0076]^, ±IBC0m 1 ^0Wa»tf5»ltifc«fc*J 

wc. Kmffi£mzmm-&£&nttfiBtLxi&. ai 

M Ga,., N (0<x<l )-*fcfflVYt&AV*. Clil,4> 

m®BtLx. mtzso^y (s ic>\ muLTJirS;- 

W(AiN).xt*;KMgAi 2 o 4 > ; 
r^s-^AS^jt*^^ to. 3 -o JsLfc^A i 

GaN, Al I'nNXBA I Ga I nNfrm^&Zbtfi 

[0077] tt:. mwcvmtkmfcz&rfL-thtmft 

Mb%A{4. mtiaffWA (GaN) tcis^siist>co-e 
{i^r<. r 1 1 \W&immt^WmW. J 

« (^*«ssa) ^mmm.^^thh<r>bhxh 
[0078] hp*>. *%HH(4. nmm>B m<&mft 

\,zmm?z>^tifix'%h. 

[0079] ttz. ±Mzv>mmmiz&^xit. im^m 
( m o v p Em ) ?rfflv *m\ 

x->xt>mmmx'$>&. 

[0080] set, ±IBOHSfe0"JT*{4. Tifi«S$r^SI 
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[03] ■< *>V>mAx.*)\'*?-\ l zm-hj :*>#&A 

[®4] s is« (Ttas«) uztkgmkLtzWko 

B - RJSK&jiJi (AJtttB) 
D - i/'jnylS (T«M) 
Dl- ^Urjy^DO?fjKS15 



[011 



[02] 
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400 
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[041 



KttlHMfM 




(72)»^B« SCI 

(nmwrn mm -m 



«*> i ^^asE+ifeBfitmrt 

F^--^(##) 4G077 M03 BE11 BE15 DB08 ED06 
EE01 EE06 EF03 FJ03 TK04 
TK08 TK10 TK11 
5F045 AA04 AA05 AA10 AA18 AA19 
AB06 AB09 AB14 AB17 AB18 
AB38 AD14 AD15 AF03 BB12 
CA09 DA53 DA67 HA01 HA03 
HA04 HA05 HA06 



